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(g) Cyclodextrin complexatlon. 

(57) The invention provides a method for enhano 
ing the complexation of a cyclodextrin with a 
lipophilic and/or water-labile drug, comprising 
combining from about 0.1 to about 70% 
(weight/volume) of a cyclodextrin and from ab- 
out 0.001 to about 5% (weight/volume) of a 
pharmaceutical^ acceptable, pharmacologi- 
cally inactive, water-soluble polymer in an 
aqueous medium, the polymer and cyclodextrin 
being dissolved in the aqueous medium before 
the drug is added, the aqueous medium which 
comprises the polymer and cyclodextrin being 
maintained at from about 30 to about 150°C for 
a period of from about 0.1 to about 100 hours 
before, during and/or after the drug is added, 
optionally followed by removal of water. Related 
methods, co-complexes of drug/cyclodext- 
rin/poiymer, pharmaceutical compositions and 
cyclodextrin/polymer complexing agents are 
also provided. Analogous methods, co- 
complexes and compositions in which the drug 
is replaced with a food additive, cosmetic addi- 
tive or agrochemical are also described. 
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Field of the Invention 

The present invention relates to the use of certain polymers in the preparation of cyclodextrin-druc , corn- 
olexls as a melns for increasing the solubi.izing and stabilizing effects of cyclodextnn derives on drugs 
»nHr 0 r D lLT«ontheLith Pharmaceuticalcompositionscomprisingcomplexespreparedaccord.ngtothese 
Ithods Te larlSd by fast and efficient drug release. The invention further relates to polyma^fdo- 
teXcZ^W*. si further, the invention relates to use of the polymers to increase the sc fabfcng 
and IbSg eSecte of cyclodextrins on food addKives. agrochemicals and chem,ca.s used in cosmet.cs, and 
complexation therewith. 

Background of the Invention 

Formulation of pharmaceutical dosage forms is frequently hampered by the poor aqueous solubility and 
stab£ o heTugs, which in turn can severely limit their therapeutic application Also, the 
^olW sta e drug fo mulations and the side-effects of some drugs result from the.r poor aqueous sobb^y. 

SIT.*, F. Schardlnser Ub« Ihermophile B«M« aus nnohkdm. SoMan, »d M-ch, 
S ' bl Cvclodextrin S are cyclic oligosaccharides with hydroxyl groups on the outer surface and a void «*y in 

ssssssssssssss 

S%TSt31 issued Auqust 1 969) over 20 years ago. For a comprehensive rev.ew of cydodextnns see Cy 
^SSSU editor Jominique Duchene, Edittons de ^FjMJ- gr • — 
recem overview, see J. Szejtli: Cyclodextrins in drug formulations: Part 1. 

n 991 and J Szejtli: Cyclodextrins in drug formulations: Part II, Pharm. Techn. Int. oen 
NumTrous reports have been published with respect to the solubilizing effects of cydodextnns. The gen- 
era. proTedTe described in these'reports for preparing aqueous 
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m 1986} describes inclusion complexes of sex hormones, particularly testosterone, progesterone, and estra- 
diol 2 spec mc c c^dextrins, preferably hydroxypropy.-p-cyc.odextrin and po.y-p-cyc.odextr^ The com- 
n ^s enable the sex hormones to be successfully delivered to the systemic circulation via the subungual or 
bucca oute , anothe paTent (Josef Pitha: Pharmaceutical preparations containing cydc^extnn , enva ^es 
United States Patent No 4,727 064, issued February 23, 1988) Pitha describes formulations of a number of 
M wTh varto" cyclode trin derivatives, mainly hydroxypropyl-6-cyc.odextrin but also hydroxypropy 
JXSi In a series of patents (N.S. Bodor: Improvements in redox systems for brain-targeted drug delivery. 
Sed Sta es latent No P 5 0;2.935, issued March 26, 1991; N.S. Bodor: Pharmaceutical formulations for par- 
enteral ununited States Patent No. 4,983,586, issued January 8. 1991; N.S. Bodor. Redox systems for bra, - 
tetetedTrug delivery. United States Patent No. 5,017.566, issued May 21, 1991; and N.S. Bodor Pharma- 
ceutical formulations for parenteral use. United States Patent No. 5.024.998. issued June 18. 1991) Bodor 
desSe s cumulations of a number of drugs with hydroxy propyl, hydroxyethyl. glucosyl mal osyl and ^ 
t^!ZZs of p- and Y -cyc.odextrin. Also. Brauns and Muller (U. Brauns and B W.W Mullen Pharma 
zSe karate von in Wasser schwerlBslichen oder instabilen Arznelstoffen und Verfahren zu Ihrer Her- 
«M lo Eu ooean Patent No.: 0 149 197 B1 dated March 21, 1990) have described formulations of drugs with 

Z s of hySUpropyl-P-cyclodextrin on drugs have been reviewed by T. Loftsson, M.E. Brewster, H. Derendorf 
ano^ XTl»So^.^o<ieM n -. Properties and usage in pharmaceutical formulations. Pharm. 

2<9 M^n^ 

*Z find k Uekama- Methods of investigating and preparing inclusion compounds. In: D. Duchene (editor). 
Cvctodexls an ZMndusl. uses. Editions de Sante, Paris. 1987. pp. 133-172]. In solution, th. dru* 
%£^c£tam are prepared by the simple method described above and the complexabon evaded 
ZtoteMnn of stability constants by a solubilKy method, a kinetic method, a spectroscopic me hod or 
some o he"anaMical method. On a laboratory scale, solid drug-cyclodextrin complexes are usually formed 
bXop So of drug-cyclodextrin complex solution, but on an industrial scale, other 
cu^as he kneading method, spray-drying, coprecipitation. neutralization and grindmg methods. In none of 

these me^^ " ^ ^ ' 

T^Tw £SA£Ln of drug-cyclodextrin complexes by heating. Thus Hassan et a,.. Int. 
J Pharm 58 9 2^990). prepared a famotidine-6-cyc.odextrin complex by adding the drug to aqueous p- 
cvdodeSrin so ution heating the mature under reflux for 1 hour and then stirring it at room temperature .for 5 
day Th so u on which foLd was concentrated by evaporation under vacuum ^^SSZ^SZ 
Jfrm^rf was filtered and dried under vacuum at 50°C. In a series of articles. Naka. ef a/, describe how they 
Se yclod Snd sion complexes by heating groun 

make cyciooex 3 5(11),4609-4615 (1987 ; Nakai ef a/., Chem. Pharm. Bull. 

ZTm^Wm £251 Zl. Pharm. Bull. 38(3). 728-732 (1990); Nakai ef a/ .Chem. Pharm 
Bui 38(5) 1^5 1347( 990); and Nakai eta,., Chem. Pharm. Bull. 39(6), 1532-1535 (1991). Finally, Schm,dt 
fnl'Ma eME Schmidt and H G. Maier: Thermostabi.e Bindung von Aromastoffen an Starke. Te.l 2: B.ndung 
vo 1 thoidurch Autoklavieren, StarcVStMe, 39(6). 203-207 (1987)] describe formation thermostable 
WndSTof menthol to various types of starches, including p-cyclodextrin. by autoclavmg. In none of he above 
9 1 Nicies are starches or other polymers, used to enhance complexation of drugs by cyclodextnns. 

complexation. the solubility enhancement of drugs by 
ecus cvcMextrin solutions is generally larger at low temperature than at high temperature [T. Loftsson and 
N ^dor Effects of 2-hydroxypropyl-p-cydodextrin on the aqueous solubility of drugs and transdermal 
ly^et^^aPheL NoS., 5(4). 185-193 (1989)]. Also, addles such -J^*"*^ 
si surfactants and organic solvents (e.g. ethanol) usually reduce the solub.. E ,ng effects of cyc.odextr.ns. 

Summar y and Objects of the Invention 

One objed of the present invention is to provide a method for enhancing the complexation of cydodextrins 
^ith linonhi ic and/or water-labile drugs, food additives, cosmetic additives and agrochemicals. 
A^ 

of cvdodextrins on drugs which are insoluble or sparingly soluble or unstable .n water, and on food additives. 
oo^addLs and agrochemicals which are insoluble or sparingly soluble or unstable .n water. 

TnSherXct of the invention is to provide novel co-complexes of drugs, cydodextrins and selectedpo^- 
rners and o tod additives, cosmetic additives and agrochemicals, with cydodextrins and seleded po lyme^ 
^et ano her object of the invention is to provide pharmaceutical compositions compnsmg novel drug com- 
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plexes, as well as analogous food, cosmetic and agricultural compositions. 

Still another object of the invention is to provide a novel complexing agent for use in solubilizing and/or 
stabilizing a lipophilic and/or water-labile drug, food additive, cosmetic additive or agrochemical. 
In accord with these and other objects, the present invention provides the following: 

5 (1) A method for enhancing the complexation of a cyclodextrin with a lipophilic and/or water-lab.le drug 

comprising combining from about 0.1 to about 70% (weight/volume) of cyclodextrin and from about 0.001 
to about 5% (weight/volume), preferably from about 0.01 to about 0.5% (weight/volume), of a pharmaceut- 
ical acceptable, pharmacologically inactive, water-soluble polymer with a lipophilic and/or water-labile 
drug in an aqueous medium to form a drug complex, the polymer and cyclodextrin being dissolved in the 

w aqueous medium before the drug is added, and the aqueous medium being maintained at from about 30 

to about 150°C for a period of from about 0.1 to about 100 hours before, during and/or after the drug is 
added, optionally followed by removal of water; 

(2) A method for solubilizing and/or stabilizing a lipophilic and/or water-labile drug in an aqueous medium, 
comprising complexing the drug in an aqueous medium with from about 0.1 to about 70% (weight/volume) 

}5 of cyclodextrin and from about 0.001 to about 5% (weight/volume), preferably from about 0.01 to about 
0 5% (weight/volume), of a pharmaceutical^ acceptable, pharmacologically inactive, water-soluble poly- 
mer the polymer and cyclodextrin being dissolved in the aqueous medium before the drug is added, and 
the aqueous medium being maintained at from about 30 to about 150'C for a period of from about 0.1 to 
about 1 00 hours before, during and/or after the drug is added; 

20 (3) Aco-complex of a lipophilic and/or water-labile drug with a cyclodextrin and a pharmaceutical^ accept- 

able, pharmacologically inactive, water-soluble polymer, the ratio by weight of cyclodextrin to polymer be- 
ing from about 4:1 to about 50,000:1, preferably from about 100:1 to about 10,000:1; 

(4) A pharmaceutical composition comprising: 

(a) a drug complex prepared by complexing, in an aqueous medium, a lipophilic and/or water-lab.le drug 
25 with from about 0.1 to about 70% (weight/volume) of cyclodextrin in the presence of from about 0.001 

to about 5% (weight/volume), preferably from about 0.01 to about 0.5% weight/volume, of a pharma- 
ceutical^ acceptable, pharmacologically inactive, water-soluble polymer, the polymer and cyclodextnn 
being dissolved in the aqueous medium before the drug is added, and the aqueous medium being main- 
tained at from about 30 to about 150°C for a period of from about 0.1 to about 100 hours before, dunng 
30 and/or after the drug is added, optionally followed by removal of water; and 

(b) a non-toxic, pharmaceutical^ acceptable carrier therefor; 

(5) A pharmaceutical composition comprising: 

(a) a co-complex of a lipophilic and/or water-labile drug with a cyclodextrin and a pharmaceutical^ ac- 
ceptable pharmacologically inactive, water-soluble polymer, the ratio by weight of cyclodextrin to poly- 

35 mer being from about 4:1 to about 50,000:1 ; preferably from about 1 00:1 to about 10,000:1 ; and 

(b) a non-toxic, pharmaceutical^ acceptable carrier therefor; and 

(6) A complexing agent for use in solubilizing and/or stabilizing a lipophilic and/or water-labile drug, com- 
prising a cyclodextrin and a pharmaceutical^ acceptable, pharmacologically inactive, water-soluble poly- 
mer the ratio by weight of cyclodextrin to polymer being from about 4:1 to about 50,000:1, preferably from 

40 about 1001 to about 10,000:1 , said complexing agent being formed by heating the cyclodextrin and poly- 
mer in an aqueous medium at from about 30 to about 150°C for a period of from about 0.1 to about 100 

The^resent invention further provides methods and compositions analogous to those listed above, in 
which the lipophilic and/or water-soluble drug is replaced by a lipophilic and/or water-soluble food additive, cos- 
45 metic additive or agrochemical. 



Brief Description of the Drawings 

Other objects and advantages of the present invention will be apparent from the following detailed descrip- 
50 tion and accompanying drawings, in which: , 
Fig 1 is a plot of the solubilization of hydrocortisone, in mg/ml, in aqueous 10% HPpCD (2-hydroxypropyl- 
B-cyclodextrin) MS 0.6 solution containing varying amounts of PVP (polyvinylpyrrolidone); 
Fig 2 is a series of plots depicting the dissolution profile of hydrocortisone from tablets containing hydro- 
cortisone-HPpCD complex: A. 0% (w/v) CMC; ♦ , 0.1 % (w/v) CMC; o. 0.25% (w/v) CMC; and 
Fig 3 is a pair of plots illustrating the effect of 1 % (w/v) acetazolamide eye drop solution on the intraocular 
pressure (IOP) of normotensive. conscious, albino rabbits, wherein the right eye received the drug (O) and 
the left eye was the control (□). 
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Detailed Description of the Inventi on and Preferred Embodiments 

• . \ i JK soluble and hydrophobic, i.e. which are insoluble or sparingly soluble in water. 
^"{^r^bl!?b ulSSln to describe drugs (or food additives or cosmetic additives or agro- 

^K^TSTaS P-nt invention indude the natural cyclodextrins and their derive, 
dud^SX^d and hydroxyalkyiated derivatives and the branched ^^d^ 

wamm 

mmsm 

dlxWns to usetn the p esent invention are hydroxypropyl, hydroxyethyl, dihydroxypropyl, glu and mal- 
ences, 3rd edition, Lea & Febinger. Philadelphia, PA, 983, pp. 592-638 A.T. "° renM 7 3 ^^ jteb e ^ 

^SSESor water-labile food additives which are contemplated for use in the methods and com- 
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positionsofthepresentinvention^^ 

antioxidants, sweetening agents, and coloring almond or benzaldehyde. oil of 

aromatic flavoring oils such as lemon ol "J^T sweeteners such as aspartame and 

ma ,ic oils (fragrances). clo,in 9 aaanta aad V« £-d - * J^T*^ 0 , 0( „, 5e , 0 „ „ 8<reel 

ess: ssrz^tx:^ - .»i ns aa — „, ^ 

calciferol), vitamin D 3 , vitamin A and vitamin f d compositions of this inven- 

vitamins/nutritional factors, emetics, ^^^^^^S^ anabolic agents, vaso- 

steroidal analgesic and/or anti-inflammatory agents ^ S ^'^^^ ^ 'tozoals. anthelmintics, 
dilators, antidepressants, antipsychotics, . h ^ 0 platelet inhibitors, 

anesthetics, vasoconstrictors, hypoglycem.es ' ri <^^TlS!^^ carbonic anhydrase inhibn 
muscle relaxants, antiemetics, radiodiagnos ,cs. an 

tons, gastrointesunai agents (including H £»^ pharmacology 

quired shape and size to fit at least partl y into the cavrty o th tlSy can be improved 

ed in accord with the present invention. ™™ositions of the present invention include 

acetate and progesterone; anticonvulsants^ as phenytom WJ^KJ^lJ^ anticonvulsants 
such as retino. (vitamin A), vitamin A-acetote. cholecalc ^ ^J*J ™ * ano|o| and nadolo , ; emetics 
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bolic aoents such as fluoxymesterone and methanstenolone; antidepressants such as ^^j^ 

Sr»t,n»"; , bnonazdle. me,ron,dazo,e (metronidazote I-—* ^ 
lioconazole isoconapole. botoconaiole, keloconazole, doconazole. parconazole. orconazole. valco 

oxazepam lorazepam f lunitrazepam, estazolam. flurazepam, loprazolam, lormetazepam. nitra- 

'^SS^rSl^rr I S2£ the *, .« us. M * • 

.„ s*«»-, .»»!. <. to dZ,r,icoid), or . «W —Sen, prog.s.n. anabohe agent, andregen. 

pjT. 7^19 dregs .. L M oelng . dMm*; ^'"ilt'invenHon 
Ldino either of these approaches are contemplated (or use in the present in.enl.on. 

iZ Soz oerrie, eysL provides f« brain-targeted d, U9 delivery by m«r» ol In 
l M llSS form, which la the form Wended for admlnielzatl.™, can be represented by the formula 

[D-DHC] 

wherein [D] is a centrally acting drug species and [DHC] is the reduced, biooxidizaWe. blood-brain barrier pene- 
Ltinn I iooidal form of a dihydropyridine «± pyridinium salt redox carrier. In their ox.d.zed form, which is the 
S£ "in the brain from w'hich the active drug is ultimately released, the carrier-drugs can be repre- 
sented by the formula [rj.QC] + X" 

wherein X" is the anion of a non-toxic pharmaceutical* acceptabie acid, [D] is 

Td rocr is the hydrophilic, ionic pyridinium salt form of a dihydropyridine * pyndmium salt edox ; carrier The 

Jw™? notion with the reduced, dihydropyridine forms of the redox systems, e.g. in Bodor United States Pa 
^SfiSS^BoSSt 017,566; and 5,024.998. While the redox systems for use here.n can be any 
^^'i^X'^SSrl^ tho e in which the centrally acting drug species and redox carriers are 
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inflammatory agent, an estrogen or a progestin, particularly when the centrally acting drug spec.es is dopa- 
mine testosterone, phenytoin, GABA, valproic acid, tyrosine, methicillin. oxacillin, benzylpenicillin. cloxacillin, 
dicloxacillin. desipramine, acyclovir, trif luorothymidine, zidovudine, hydroxy-CCNU, chlorambucil, tryptamine, 
dexamethasone. hydrocortisone, ethinyl estradiol, norethindrone. estradiol, ethisterone, norgest rel. estrone 
estradiol 3-methyl ether, estradiol benzoate, norethynodrel, mestranol. indomethac.n, naproxen. FENU, HENU 
or 5-FU Especially preferred redox carrier compounds of the formula [D-DHC] are: 

1-methyl-3-{{N-{p-[3.4-bis(pivalyloxy)phenyl]ethyl}carbamoyl}}-1.4- dihydropyridine, 1-methyl-3-{N- 
11643 4-bis(isobutyryloxy)phenyl]-ethyl]]}carbamoyl-1 ,4-dihydropyridine and N-{p-[3,4-bis(pivalyloxy)-phenyl] 
eihyliaminocarbonyloxymethyl 1,4-dihydro-1-methyl-3-pyridinecarboxylate, which are dopamine derivatives; 

17p-[(1 ,4-dihydro-1-methyl-3-pyridinylcarbonyl)oxy]androst-4-en-3-one and 17p-{[(3 '-carbamoyl-1 .4 - 

dihydropyridin'yl)acetyl]oxy}androst-4-en-3-one, which are testosterone derivatives; 

5 5-diphenyl-3-[(1-methy1-1\4^dihydropyridin-3Vy1)carbonyloxymethyl]-2.4.imldazolidinedione. 3-[(3- 

carbamoyl-1',4 , -dihydropyridin-r-yl)acetyloxymethyll-5,5.diphenyl-2,4-imidazolidinedione and 3-[3'-(3"-car- 
bamoyl-1".4"-dihydropyridin-1"-yl)propionyloxymethyip5,5-diphenyl-2,4-imidazolidinedione. which are phe- 
nytoin ^ e ^f|^ N [3 (benzy|oxycarbony|)prop ^ ]Mrbamoy ,. 1 ,4-dihydropyridine and 1-methyl-3-{N-[(3'-cy- 
clohexylcarbonyl)propyl]}-carbamoy1-1 ,4-dihydropyridine. which are GABA derivatives; 

l-methyl-S-P'-tr-propyOpentanoyloxyJethylcarbamoyl-l ,4-dihydropyridine, 1-methyl-3-[2 -(2 -pro- 
pyl)pentanoyloxy]ethoxycarbonyl-1 . 4-dihydropyridine and 1-[2'-(2"-propyl)pentanoyloxy]ethyl-3-carboxa- 

mide-1 4-dihydropyridine, which are valproic acid derivatives; 

i-methyl-3-{N-[(r-ethoxycarbonyl)-2-(4"-pivaloyloxyphenyl)ethyl]}-carbamoyl-1,4-dihydropyrid.ne and 1- 

methyl-3-{N-[(1 , -ethoxycarbonyl)-2 , -(4"-isobutyryloxyphenyl)ethyl]}carbamoyl-1.4-dihydropynd.ne. which 

are ! ^ n * J^^^^ 3 . wridj ^^ nyq( ^ ]methy , [2 S-<2a, 5a ,6p)]-3.3-dimethyl-7-oxo-6-[(2,6- 
dimethoxy)benzamido]-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate. [[(1 .4-dihydro-1-methyl-3 - pyr. 
dinyl)carbony1]oxy]methyipS-^ 

1-azabicyclo[3.2.0]heptane-2-carboxylate. H(1.4-dihydro-1-methyl-3-pyndinyl)carbonylloxy]methyl [2S-(2a, 
5«6B)K3.3dimethyl-7-oxc>-6-[(phenylac : etyl)aminoH-thia-1-azabicyclc>[3.2.0]heptane-2-carboxylate n(l,4-d.hy- 

dro-1methyl-3-pyridinyl)carbony^ 

carboxamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclol3.2.0]heptane-2-carboxylate and l[(1,4-dihydro-1-me- 
thyl-3-pyridiny1)carbonyl]oxy]methyl[2S-(2a,5«.6p)]-6-[3-(2.6-dichlorophenyl)-5-methyl-4-isoxazolec a rboxa- 

midol-3 3-dimethyt-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2 carboxylate. which are derivatives of methicil- 
lin, oxacillin, benzylpenicillin, cloxacillin and dicloxacillin, respectively; 

f{N-[3-(10,11-dihydro-5H-dibenz(b,f]azepin-5-yl)]propyl-N-methylamino}carbonyloxy]methyl 1.4-dihy- 

dro-1-methyl-3-pyridinec*rbox^ 

amino}carbonyloxy]ethyl 1,4-dihydro-1-methyl-3-pyridinecarboxylate. which are derivatives of des.pram.ne; 
1-methyl-3-{[2-(9-guanylmethoxy)ethoxy]carbonyl}-1 ,4-dihydropyridine, which is a denvative of acy- 

Cl0V ' r ' 3-.(i,4-dihydro-1-methyl-3-pyridinylcarbonyl)-5'-pivaloyltrifluoro-thymidine, which is a derivative cftrt- 

f,uorot ^^. deoxy 5 . _ (1 _ methyM i4 . d ihvdro-3-pyridinyl)-cart)ony1]thymidine, which is a derivative of ^ 

dOVUd N e Soroethyl)-N^[4-(1,4-dihydro-1-methyl-3-pyridinecarbonyloxy)-cyclohexyll-N-ni^^ N . (2 . 
fluoroethyl)-N'-[2-(1.4-dihydro-1-methyl-3-pyridinecarbonyloxy)ethyl]-N-nitrosourea and N-(2-chloroethyl)- 
N'-[2-(1,4-dihydro-1-methyl-3-pyridinecarbonyloxy)ethyl]-N-nitrosourea. which are derivatives of hydroxy- 
CCNU, FENU and HENU, respectively; 

1-methyl-3-[(N-{2-[4-({4-[bis(2-chloroethyl)]amino}phenyl)-butanoyloxy]ethyl})carbamoy1]-1.4-d.hydro- 

pyridine i-methyl-3-(N-{4-[4-(4-{[bis(2-chloroethyl)]amino}phenyl)butanoyloxy]cyclohexyl}carbamoyl)-1,4-dh 
hydropyridine, 1-methyl-3-[(N-{2-t4-«4-bis(2-chloroethyl)]amino}- phenyl)butanoyloxy]propyl})carbarnoy^ - 
1 4-dihydropyridine. 1-methyl-3-t(N-{2-phenyl-2-({4-[bis(2-chloroethyl)]amino)phenyl)butanoy1oxy}ethyl)- 
carbamoyl]-1.4-dihydropyridineand1-methyl-3-[N-({1-[4(4-abis(2-chloroethyl)]amino}phenyl)butanoyloxy]cy- 

clohexyl}methyl)carbamoyl]-1 ,4-dihydropyridine. which are derivatives of chlorambucil; 

1-methy1-3-N-[2-(3-indolyl)ethyl]carbamoyl-1, 4-dihydropyridine, which is a derivative of tryptamine; 

9-fluoro-11p17-dihydroxy-16a-methyl-21-a(1-methyl-1,4-dihydropyridin-3-yl)carbonyl]oxy}pregna-1. 
4-diene-3,20-dione and np,17-dihydroxy-21-{[(1-methyl-1,4-dihydropyridin-3-yl)carbonyl]oxy}pregn-4-ene- 
3 20-dione which are derivatives of dexamethasone and hydrocortisone, respectively; 
' 3-hy'droxy- 17,p-[(1-methyl-1,4dihydropyridin-3-yl)carbonyl]oxyestra-1,3.5(10)-triene, wh.ch is an es- 
tradiol derivative; 
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31 <i me t^ 17M(1-methy-1 4.d,hydro-3- 

l< „" 1» hlllZles»ra-1 3 5(10 -trien-3-ol 3-methyl ether, 3 > 17p-bis-{[(1-methyl-1,4-d.hydropyr.d l n-3- 
CTl »?«^ i Wwi-n-hyl-U d ih y dropyridin-3-yl)carbony.]oxy - 9-nor^ 
7^03 1^(10)iien-20-yne, which are derivatives of ethinyl estradiol, estrone. estrad l0 l 3-methyl ether. 

estradiol, estradiol benzoate and mestranol, respectively; 

17B mi-methyl-1 4-dihydropyridin-3-yl)carbonyl]oxy}-19-norpregn-4-en-20-yn-3-one . "MJI-me- 

n^ which are derivatiV6S ° f norethindrone ' ethiSter ° ne - n ° r9eStre ' 

dropyridir^ 

n«ririinP which are derivatives of indomethacin and naproxen, respectively; and 
pyridine wh,^^^ 

0 vridinecarbonvloxymethyl)-5-f luorouracil. which are derivatives of 5-FU (5-f luorouracl). 
^^SSTthrt iow.. the particulars of the present invention are discussed wrth respect to drugs. 
■ 1 11 . n^Sood however that except where the discussion focuses on matters wh.ch are obv.ously 

un'fque SC^-^iSw. the " the Same Whe " 8 f °° d additiVe> 

Irs to aoueous cyclodextrin/drug solutions and then heating the solutions for some time. Typically, the poly- 
pe ta d sso?" ^in a aq ecus solution of the cyclodextrin, or both polymer and cyclodexWn are , dissolved ,n 
mer is " 'ssoiveo n q cyclode xtrin concentration can range from about 0.1 to 70% w/v and 

nthe oriainal solution The polymer: cyclodextrin weight ratio can range from about 1:4 to about 1.50 000 but 
, T L !hr,Tl • 00 to about 1-10 000 that is. 1 part of polymer to 100 to 10,000 parts of cyclodextrin. 
" d7s even lone P part of polymer to from 500 to 5,000 parts of cydo- 
SSS^in is ordinarily desired, the drug is usually added in excess The drug may 
bedtasoteSinThe cyc.odextrin/polymer solution before, during and/or after the cyclodextrin so uhonh^ been 
^ a frl about 30 to about 150-Cfor a period of from about 0.1 to about 100 hours. Opto^.£* 
Scvrirextrin can be combined in aqueous solution, with heating at the temperature and for the t,me indi- 
cate n h ^ preced ng sentence and dried (preferably lyophitized) to give a «*^"^^^ 

^TJtZ^ZZ^es hereinafter, one can readily determine the concentration at which 
aoivtnwl^ 

^i^P^SS the invention. Obviousiy. once the process has been completed, the resu tent 
made more viscous if desired in the pharmaceutical or other compositions provided by the pres- 



^ 'Zeous solutions of cydodextrins and polymers prepared in accord with the present invention hav* ^a 
IZJSZ and stabilizing effect on lipophilic and/or water-labile drugs than cydodextnn solutions 

m e ys^ 

S pdymS 'increase tt?e soiubilizing effect of the cydodextrins and. thus make 1 P"*"£^J** 
LlunS cvclodextrin which will be present In the pharmaceutical composition ultimately administered. Aqu- 
eTctdod^nTug formulations containing water-soluble pharmaceutical polymers are charac enzed by 
fast a dtJf toient drug release, which can result in a more rapid onset of the desired therapeutic response and 
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h*tt»r total bioavailability of the drugs. Solid pharmaceutical preparations, made, for example, by removal of 
wate 2 rabovl "men oned aqueous cyclodextrin-po.ymer-drug solutions, for example by lyophilizat,,, 
aTcMerte6 by faster and more efficient dissolution of drugs compared to the dissolution of drugs from 
Sd eye ot" n prepares without polymers. This can ,ead to hastening the onset o the therapeutic re- 
sponse and can also increase the total bioavailability of drugs from solid pharmaceutical prepa ations^ 
' appea s that the water-soluble polymers used in accord with the present invention alter Jhe £«rton 
of the cyclodextrin molecules and thus their three-dimensional structure in aqueous solu ions. Heating accel- 
erates his process. It also appears that the polymer participates directly in the drug complex formation acting 
asaZ ^mTxing agent with the cyclodextrin. S.H.S. Leung, J.R. Robinson and V.H.L Lee ["Parenteral Prod- 
uct cZe ™ i Controlled Drug Delivery. Fundamentals and Applications, second edition, J.R. Robinson 
and ; H L Lee editors, Marcel Dekker, Inc., New York, 1987, pp.433-480], in a review of studes from he 
1950's and early 1 960's. point out that the role of plasma protein and tissue binding tn prolong.ng drug action 
s well-known, and that the same result can be achieved by forming a dissociable ^^TZl*** 
romolecules such as methylcellulose, carboxymethylcellulose and polyvinylpyrrolidone Table 1 and Table 6 
he7e°nbelowshowthataqueous polymer solutions (S 2 ) solubilize drugs toagreaterextentthanpurewaterS,). 
^TZalZteo to complexatL of the drug with the polymer. Thus, the polymers and the cydodex^ns 
both form soluble complexes with various drug molecules and can be used to increase the aqueous sdub My 
of he drugs. However, when polymer and cyclodextrin are mixed together in accord w.th the present invention 
one o2 greater drug solubility enhancement than when the polymer and cyclodextnn are used separately 
indeed the combination' effect is more than simply additive, it is synergistic. This is indicate of the formation 
Tf a new type of complex between the drug and the polymer-cyclodextrin . The cyclodextrin can thus be con- 
stderTto b'e the complexing agent, the polymer a co-complexing agent, and the drug complex not stmply a 
druo/cvclodextrin complex, but a drug/cyclodextrin/ polymer co-complex. 

Pharmaceutical compositions utilizing the drug/cyclodextrin/polymer product prepared ,n accord ^h the 
present invention can be used to treat a variety of conditions, depending upon the pharmacology, nature of 
*Te drug selected for administration. The compositions contain a pharmacologic^/ therape 
amount of the selected drug and the amounts/ratios of selected cyclodextrin and selected polymer noted here- 
fnZvttogether with a nontoxic, pharmaceutica.ly-acceptable carrier. For example, If the selected drug, 
Z ami- inf lammatory agent, a pharmacologically effective amount thereof will be an amount ^>°^£** 
an an I n ammatory response. Selection of the cyclodextrin and the polymer in the compositions wrtl depend 
Ln the na^ of the drug and the contemplated route of administration. Virtually any route of adm.n^tion 
Z which a selected drug can be used can be employed for the instant compositions, including but not limited 
2SS£««. and topical (induding ophthalmic) routes. Polymers and ^^J^ 
be selected according to the contemplated route of administration, since some may be acceptable for certam 
^u eto adlistration and not for others. For example, a hydroxyalkylated cyclodextrin 
Dvl-B-cvclodextrin rather than an alkylated cyclodextrin would be selected for intravenous use because of toxi- 
% P constoat!s. Similarly, only some of the polymers disclosed herein may be suable for intravenous use, 

as is indeed well-known in the art. 

in the case of parenteral formulations, intended, for example, for intramuscular subcutaneous. ,nfra-a - 
ticular or intravenous administration, the pharmaceutical composition of drug/cyc odexttn/po b « 
he form of an aqueous solution which is acceptable for parenteral administration, i.e. which .s ^»le and pyr- 
oaen° ree and has been prepared in accord with accepted pharmaceutical procedures, for «^P' e D as ^ cr| - 
Z I ZrlVon's Pharmaceutics, Sciences, seventeenth edition, ed. Alfonso R. Gennaro. Mack Publishing 
Company Easton, PA (1985), pp. 1518-1552. The aqueous sterile injection solutions niay further contain anb- 
oxidante buffers, bacteriostats. isotonicity adjusters and like additions acceptable for parenteral formula^ 
and muitidose containers, e.g. sealed ampules and vials, may be used as .s weH-knowr , ,n 
the art. The essential ingredients of the sterile parenteral formulation, i.e. the drug(s), wa er and selected cy- 
ctodeiinfs) and polymer(s) may be presented in a variety of ways, just so long as the solution ultimately ad- 
Sstered to tie patient contains the appropriate amounts of the essential ingredients. Thus, for example, the 
LXctodexLpolymer/ water formulation may be presented in a unit dose or muitidose container, ready 

S Crine, from a diluting liquid (water or cyCodextrin/water, denned 
can be combined to give a formulation containing appropriate amounts for injection. As ano her alternative, 
Z dru <Ta d ^^ug/cyclodextrin/polymer combination may be provided in a freeze-dried conditior nr . on. joon- 
taine v^ile a separate container contains diluting liquid (water or cyclodextrin/water. depending , on ^ ™«"« 
of cyclodextrin in the other container), again designed so that the contents can be combined to 9^ a formu- 
lation containing the appropriate amounts of the essential ingredients. As yet another alternate, the cydo- 
SSZ ymer may be provided in a freeze-dried condition in one container, the drug .n another and the d- 
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.uting liquid in yet another container. In any event, the con^nts ^^£^ y ££^o«. dosage 
For oral administration, the pharmaceutical compositions may ^^^^^^^ 
form, e.g. tablets, cap.ets, capsules, P»*J"*^ usual buffers. 

caplets may also be coated with the usual coatin* |rtn*. CO ntemplates 
are intended for bucca, and/or sublingual ^*™^^WO P n*e carriers for which are well- 

mulations described herein will be the same as or v carrier-drugs, of the parent 

characteristically used for administration of the drug per s ^^T^e sL7L species of the pa- 

====== 

cord with their intended use. A non-toxic, pharmaceut.cally ^"^"^^ agroc hemicals and 



the invention. 
Example 1 
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Lhanol an wa er (7:3 v/v) and analyzed by an high pressure liquid chromatographic W^^Tto 
^te^l Sth in Table 1 show that the solubilizing effect of HP0CD was .ncreased by 4 to 57 A (S 4 /S 3 
1.04 to 1.57) when 0.25% CMC was present in the solution. 
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1 Prednisolone 


II Progesterone 
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Example 2 
in Table 2. 
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Example 3 

The effect of heating on the 



solubilization of hydrocortisone in aqueous solution containing 10% (w/v) 
14 
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hprcd MS = 0 6 and 0 25% (w/v) CMC was investigated as follows: An excess amount of hydrocor .sone was 
led to the solution and the suspension which was formed was heated to 120-C in a seaied container. The 
s^nsionUXt at this temperature for (a) 20, (b) 40, (c) 60 and (d) 80 minutes. At each me point a 
suspension was nep removed and allowed to equilibrate for 3 days at room temperature (approxi- 

mated 23 C After button e aliquot was filtered through a 0.45 pm membrane filter diluted with a 

effect of the HPpCD-CMC mixture increases with increasing duration of heating. 
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Example 4 
Part A 

The effect of polyvinylpyrrolidone (PVP) of molecular weight 360,000 on drug-cyclodextrin complexation 

16 
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10 



was investigated by determining the phase-solubility diagrams of hydrocortisone in aqueous 2.hydroxypropyl- 
p-cydodexL (HPPCD) of molar substitution (MS) 0.6 solutions and calculating the stab, ty constant (K.) for 
the complex from the slope and the solubility (S 0 ) of hydrocortisone in water (1x10-3 m0 ,/, lt er). 

Kc = slope x(SoX(1 -slope))- 1 
An excess amount of the drug was added to water containing from 0 to 0.7% (w/v) PVP and varying 
amounts of HPBCD. The suspensions which formed were heated in sealed containers to 120°C and kept at 
fha temperature for 22 minutes. After equilibration for at least three days at room temperature (approximately 
22»cT Ttauots of the suspensions were removed from the containers and each aliquot was f .Itered through a 
0.45 ,m membranefilter and analyzed by HPLC. The solubility of the drug was determinec at least three .mes 
at each HPBCD and PVP concentration, and the slope of the phase-solubility diagram was determined by linear 
regression of the mean solubility versus HPpCD concentration values in mole per liter. The correlation coef- 
ficient (corr.) was calculated for each linear regression. The results are shown in Table A below. 
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The results in Table A show that It was possible to obtain over 40% increase (at 0.1% PVP concenfration) 
in Kc by addition of PVP. The increase was concentration dependent and decreased somewhat upon further 
addition of PVP. 



PartB 

Comparable results were obtained when the effect of PVP on the solubilization of hydrocortisone by 
HPpCD MS 0.6 was investigated. The solubility of hydrocortisone was determined in aqueous 10* (w/v) 
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HPBCD MS 0.6 solutions containing from 0 to 0.4% (w/v) PVP (molecular weight 360,000). An excess amount 
of hydrocortisone was added to the aqueous 10% HPBCD solutions and the suspenses which formed were 
he edTseS^ 

t hree davs at room temperature (approximately 22'C). aliquots of the suspensions were removed from the con- 

of the drug was determined at least three times at each PVP concentration and the results are shown in Fig. 
1 (the mean values of three experiments ± the standard error of the mean). 

Fla 1 shows that a maximum solubilization of hydrocortisone in aqueous 10% (w/v) HPBCD MS 0.6 sol- 
ution was obtained when 0.1 to 0.1 5% (w/v) PVP was present in the solution, and that the solub,l IZ at,on at he 
maximum was about 32% compared to aqueous 1 0% (w/v) HPBCD MS 0.6 solution containing no PVP^r 
Tsui* were obtained when other water-soluble polymers, e.g. carboxymethylcellulose and hydroxypropyl me- 
thylcellulose, were added to aqueous cyclodextrin solutions. Generally, a maximum solub.lizat.on was obta ned 
when the polymer concentration was above 0.003% (w/v) but below 0.1 %, but this was dependent on the type 
of polymer added to the aqueous cyclodextrin solution, the chain length (or the molecular weight) of the poly- 
mer and the cyclodextrin concentration in the aqueous solution. 

The maximum effect is obtained at a very low polymer concentration before the polymer has any real effect 
on the viscosity of the solution. For example, the viscosity of a solution containing 10% or less PVP is essen- 
Sally the same as that of water (Handbook of Pharmaceutical Excipients, American Pharmaceutical Assoca- 
ion and the Pharmaceutical Society of Great Britain. Washington, 1986. pp. 234-239). Also. th.s increased 
solubLtion (i.e. completion) is a stable condition. The increased drug solubility frequently observed in v,s- 
cou aquls solutions, that is. formation of supersaturated drug solution, is an unstable <"*««"^ 
ally returns to a stable condition (under precipitation of the drug) within a few hours from its formation (Uekama 
etal J Incl Phenomena, 1, 309-312, 1984). Thus, this increased complexation in the presence of a very small 
amouni of a water-soluble polymer is not directly related to increased viscosity of the aqueous solution. 



Example 5 

Solubilities (S) of three drugs in four different solvents, i.e. (a) water (S,). (b) aqueous 0.25 % (w/v) sodium 
ca^xymethylcellulose solution (CMC) (S,). (c) aqueous solution of 10% <Wv)l ^"^^^ 
(HEBCD) of molar substitution (MS) = 0.6 (S 3 ), and (d) aqueous solution containing both 0.25 /. (w^ CMC and 
10% (w/v) HEBCD MS = 0.6 (S 4 ), were determined as in Example 1. The results in Table 4 show that the sol- 

in the solution. 
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Example 6 

Solubilities (S) of hydrocortisone in four different solvents, i.e. (a) water (S,), (b) aqueous 0.25% (w/v) hy- 
droxypropyl methylcellulose solution (HPMC) (S2), (c) aqueous solution of 5% (w/v) 2-hydroxypropyl- a-. JK 
or v-cyclodextrin (HPaCD, HPpCD, or HPyCD) of molar substitution (MS) = 0.6. 0.9 and 0.6. respectively. (S3), 
and (d) aqueous solution containing both 0.25% (w/v) HPMC and 5% (w/v) HPaCD, HPBCD, or HPyCD (S4), 
were determined as in Example 1 . The results in Table 5 show that the solubilizing effect of the cydodextnn 
derivative was increased by 10 to 50% (S 4 /S 3 = 1.1 to 1.5) when 0.25% HPMC was present in the solut.on. 
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Example 7 

Solubilities (S) of three drugs in four deferent solvents, i.e. (a) water (S,). (b) ^ u « ou8 i °f^> gj 
vinylpyrrolidone so.u«on (PVP) ft), (c) aqueous solution of 10% (w/v) »«2^£3^^lffi 
«r molar -sMh^titution (MS) = 07 (S,), and (d) aqueous solution containing both 0.25% (w/v) PVP ana iQA(wiv) 

oThPPCD* Las increased by 27 to 129% <**, = 1 -27 to 2.29) when 0.25% (w/v) PVP was present ,n the soU 
ution. 
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I Drug 


I Acetazolamide 
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Clotrimazole 


Dexamethasone 


U Econazole 
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| Ethoxyzolamide 


Q Miconazole 


Progesterone 


| Oxazepam 


Trimethoprim 


Sulfamethoxazo 



Example 8 



Solubilities (S) of various drugs in eight different solvents, i.e. (a) water (S,). (b) aqueous 10% (v/v) ethanol 
mJ£l£to^ 0.25% 9 (w/v) sodium carboxymethyf-ceHulose solution (CMC) (S 3 ) (J aqueo* > sd- 
utior^nteting both 10% (v/v) ethanol and 0.25% <w/v) CMC (S 4 ). (e) aqueous solution of 10% (w/v) 2-hy- 
dTy^pT^cyclodextnn HPpCD) of molar substitution (MS) = 0.6 (S 6 ). (f) aqueous solution conta^g both 
10% (v/v) ethanol and 1 0% (w/v) HPpCD MS = 0.6 (S 6 ), (g) aqueous solution conta.nmg both 0.25% (vtN) CMC 
ln^10%CrHPpCD MS = 0.6 (S : ) and (h) aqueous solution containing 10% (v/v) ethanol. 0.25% (w/v CMC 
and 2% m HPPCD MS = 0.6 S were determined as in Example 1. The results in Table 7 show that CMC 
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is also able to increase the solubilizing effect of HPpCD in aqueous ethanolic solutions. 
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Example 9 

The oermeability through a semi-permeable membrane was investigated. Semipermeable cellophane 
mJbrane w^s Placed in a Franz diffusion cell containing 10 ml aqueous 5% (w/v) HPpCD solufon as the re- 
™ P Tor ZTlC^lse consisted of a suspension of approximately 3% (w/v) hydrocorbsone ,n(a) 
^l^^^^-^o6e^ (HPPCD) section and (b) aqueous solufon contammg both 10 A 
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iwM HPBCD and 0 25% (w/v) carboxymethyl-cellulose (CMC), prepared as described in Example 1, and 2 ml 
S he done phas IHZ to the membrane surface (area 3.1 cm>). The assembled diffus-on cells were kep 
of tne oonor pna vv samD | es (30 ul) were removed from the donor phase every 10 minutes, up 

Ln. ralaased faster from a suspension containing CMC than from ,usp.a S ,on oonta,n,ng no CMC. 
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Example 10 

The effect of carboxymethylcellulose (CMC) on the release of hydrocortisone from tablets containing hy- 

. tXZEEffL* was prepared by adding an excess of hydrocortisone 

to aqueous sofution containing 50% (w/w) (about 58 % w/v) HPpCD and 0, 0.1 or 0.25% , <w* I CMC and hee ,bng 
the hydrocortisone suspensions formed for 20 minutes at 120'C. After equil.bration for 3 days at room tem- 
perature the suspensions were filtered through 0.45 pm membrane filters, the filtrates were lyophilized end 
the aid which formed was ground with a mortar and pestle. The amount of hydrocortisone incorporated .nto 

10 the HPBCD complex was determined by HPLC. bii . 

indtidual disks of 200 mg hydrocortisone-HPpCD complex were compressed m a hydraulic press under 
vacuum and a force of 1x10* kg for 1.5 minutes using a 13 mm (diameter) IR potass.um brom.de pellet punch. 
The dTkrhad across 

The dissolution studies were carried out using a USP XXII described paddle apparatus for dissolution rate 
* deteIm!naio^ 

SampTes were withdrawn at various time intervals, filtered through 0.45 membrane filters and analyzed by 

HPL fhe results in Fig. 2 show that hydrocortisone dissolves significantly faster from tablets containing hydro- 
cortisone-HPpCD complex prepared in the presence of CMC than from tablets prepared .n the absence of 

2 o CMC The results shown in Fig. 2 are the average of four experiments. The dissolution tests we* :«M at 
«me zero. Three minutes later, 68.3% of the hydrocortisone had dissolved from tablets 
sone-HPpCD complex formed without the addition of CMC, 74.2% ^^^^^t^ 
tablets containing hydrocortisone-HPpCD complex formed with the addition of 0.1% (w/v) CMC. and 81.0 /. 
of the ^hydrocortisone had dissolved from tablets containing hydrocortisone-HPBCD complex formed w,th the 

25 addition of 0.25% (w/v) CMC. 

Example 11 

Eye drops containing a carbonic anhydrase inhibitor, acetazolamide, were prepared the 
30 droxypropyl methylcellulose (HPMC), 0.25% (w/v). was dissolved in distilled water 

dextrin MS = 0 6 20% (w/v), benzalkonium chloride [0.02% (w/v)] and the sodium salt of ethylened.am.nete- 
fraacetic acid [EDTA, 0.1 % w/v)] were then dissolved in the aqueous HPMC solution. Finally, acetazolam.de. 
™ was I added to this solution and dissolved by heating in an autoclave <120°C for 20 mm). The eye 
drop solution which formed was allowed to equilibrate at room temperature for one week 
35 P The topical activity of the carbonic anhydrase inhibitor eye drop solution was evaluated ,n 

New Zealand rabbits of either sex (2.5 to 3.5 kg). The intraocular pressure was recorded by a pneumatic ^ton- 
ometer without local anaesthesia. The eye drop solution (0.1 ml) was placed on the cornea QfttarjM*. 
(the left eye was used as control) and the intraocular pressure was recorded at vanous t.me .ntervals (Fig. 3). 

40 Example 12 

Hvdrocortisone mouthwash was prepared in the following way: HPpCD MS = 0.6 (3.5% (w/v)). peppermint 
oil ( S (w N )) "ethZ (12% (v/v)), CMC (0.5% (w/v)), benzalkonium chloride (0.02% (w/v)) and the sodium 
S^ieLic acid (0.1% (w/v)) were dissolved in water and the solution was heated .n a 

45 sealed container in an autoclave (120°C for 20 minutes). After equilibration to room temperature, hydrocort- 
sone (0 3% (w/v)) was dissolved in the cyclodextrin solution. 

The topical activity of the hydrocortisone mouthwash solu«on was evaluated as follows: Patiente were se- 
lected on the basis of severe ulceration, causing considerable pain, discomfort, inconvenience with work and 
he Hke Normally the patients had unsuccessfully tried numerous other remedies such as gent.an v.o et, chlor- 

50 hex£e s Z nitrate hydrocortisone, and triamcinolone, from a variety of sources. Each patient washed 
WsC mouth with 5-10 ml of the hydrocortisone mouthwash three to four times a day and the results were 
evaluated after treatment for two weeks. The results are shown in Table 9. 
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so Quantitative analysis 

The quantitative determinations of the individual drugs were performed on a reversed-phase high- 
performance liquid chromatographic (HPLC) component system consisting of a Milton Roy ConstaMetnc 3200 
solventdelivery system, a Rheodyne 7125 injector, a Spectro Monitor 3200 uv/vis vanable i wavelength detector 
55 and a LiChrosorb®RP-18 5u (125 x 4mm) column. For other conditions, see Table 10. The quantitattve i deter- 
mination of econazole was done spectrophotometrically (Perkin-Elmer 550SE uv/vis spectrophotometer) at wa- 
velength 225nm. Solvent ratios indicated refer to parts by volume. 
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Example 13 



To aqueous solutions containing 20% (w/v) 2-hydroxypropyl-p- cyclodextrin (HPpCD) of molar substitution 
(MS) = 0.6 were added 0.25% (w/v) polyvinylpyrrolidone (PVP) t 0.25% (w/v) sodium carboxymethylcellulose 
55 (CMC) or 0.25% (w/v) hydroxypropyl methylcellulose (HPMC). The resultant solutions were heated in sealed 
containers to 120°C and maintained at that temperature for 30 minutes, then were lyophilized. The solids thus 
obtained were ground with a mortar and pestle. 

The solid cyclodextrin/polymer products were reconstituted with water to afford solutions containing 9.88% 
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(w/v) HPpCD and 0.12% (w/v) PVR 0.12% (w/v) or CMC 0.12% (w/v) HPMC. The solubilities (S) of three drugs 
in these solutions and in an aqueous solution containing 10% (w/v) HPpCD without added polymer were then 
determined as follows: 

An excess amount of each drug was added to each of the four cyclodextrin solutions and the solutions 
were sonicated in an ultrasonic bath for 3 hours, then allowed to equilibrate for 60 hours at room temperature 
(23°C). After equilibration, aliquots were filtered through 0.45mm membrane filters, diluted with a mixture of 
methanol and water and analyzed by an HPLC method. The results are set forth in Table 11 below, where Si 
is the solubility in aqueous solution containing 10% (w/v) HPpCD; S 2 is the solubility in aqueous solution con- 
taining 9.88% (w/v) HPpCD and 0.12% (w/v) PVP; S 3 is the solubility in aqueous solution containing 9.88% 
(w/v) HPpCD and 0.12% (w/v) CMC; and S 4 is the solubility in aqueous solution containing 9.88% (w/v) HPpCD 
and 0.12% (w/v) HPMC. The results show that a solid polymer/cyclodextrin product can be prepared which has 
enhanced complexing abilities, and that the drug itself need not be heated to achieve enhancement. Never- 
theless, it is expected that a greater increase in solubility would be observed at higher polymer concentrations 
(e.g. 0.25% (w/v)], and/or if the solutions were heated after addition of the drug. However, by separate prep- 
aration of the cyclodextrin/polymer complexing agent as illustrated here, one can readily avoid heating drugs 
which are unstable at elevated temperature. 
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Example 14 

Solubilities (S) of various compounds were determined in eight different solvents, i.e. a) water (S^, b) aqu- 
eous 0 25% (w/v) sodium carboxymethylcellulose (CMC) solution (S 2 ), c) aqueous 0.25% (w/v) polyvinylpyr- 
rolidone (PVP) solution (S 3 ), d) aqueous 0.25% (w/v) hydroxypropyl methyicellulose (HPMC) solution (S 4 ), e) 
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10 



aqueous solution of 10% (w/v) 2-hydroxypropyl-P-cyclodextrin (HPpCD) of molar substitution (MS) = 0.6 (S, . 
n aqueous solutions containing both 0.25% (w/v) CMC and 10% (w/v) HPpCD MS = 0.6 (S 6 ). g) aqueous sol- 
utions containing both 0.25% (w/v) PVP and 10% (w/v) HPpCD MS = 0.6 (8,), and h) aqueous solutions con- 
taining both 0.25% (w/v) HPMC and 10% (w/v) HPpCD MS = 0.6 (S 8 ). An excess amount of he compound to 
be tested was added to each solvent and the suspensions which formed were heated in sealed containers to 
120»C The solubility of salicylic acid was determined in acidic (HCI) solution. The suspensions were kept at 
this temperature for 20 minutes and then allowed to equilibrate for 3 days at room temperature (approximately 
23°C) After equilibration, aliquots were filtered through 0.45 pm membrane filters, diluted with a mixture of 
methanol and water (7:3) and analyzed by a high pressure liquid chromatographic (HPLC) method The results 
m Tabie 12 show that the solubilizing effect of HPpCD was increased by 2 to 134% (solubility ratio of 1.02 to 
2.34) when 0.25% polymer (CMC, PVP or HPMC) was present in the solution. 
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Example 15 

The effect of polyvinylpyrrolidone (PVP) on transdermal delivery of hydrocortisone froir , aqueous i 2-hy- 
mSrresac^ 
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10 



15 



20 



diffusion cell containing 10 ml aqueous 5% (w/v) HPBCD MS 0.6 as the receptor phase. The donor phase con- 
sisted o s sZ ted hydrocortisone solution in (a) aqueous 8% (w/v) HP P CD MS 0.6 so.ut.on and (b) aqueous 
Sutton containing both 6% (w/v) HPBCD MS 0.6 and 0.25% (w/v) PVP, prepared as descnbed in Example 1 
fit anCnte o"cyc^dex trin and polymer were selected such that solutions (a) and (b) achieved equivalent 
olib Sng o « heTug.1. 2 Ml of the donor phase was applied to the skin surface (area 3.1 cm*). The 
ce."s were kept at constant temperature circulating 37°C water from a constant temperature water bath and 
sampL(500um)were removed at various time intervals, up to three days, from the donor phase and ana yzed 
by HPLC The results in Table 13 clearly show that transdermal delivery of hydrocorfsone was over two t.mes 
faster from the PVP-containing sample. 

. Table 13 



The concentration of a saturated solution (C) and the flux (F) of 
hydrocortisone through hairless mouse skin from HP0CS MS 0.6 containing 
vehicles. Each experiment was repeated 4 times and the results are the 
mean ± standard deviation. 



Vehicle composition 


C (mg/ml) 


F Oim/cm 2 /h) j 


Aqueous 8% (w/v) HP0CD MS 
0.6 solution 


10.9 


0.075 ±0.023 


Aqueous solution containing both 
6% (w/v) HP0CD MS 0.6 and 
J 0.25% (w/v) PVP 


10.6 


0.158±0.035 



45 Example 16 

Solubilities (S) of hydrocortisone in aqueous solutions containing four different ^todextrins (CDs) Le. 
hvdroxvethyl-B-cyclodextrin (HEpCD) with molar substitution (MS) 0.6, methyl-B-cyclodextrin (MBCD) with de- 
S7s2£Sn 1 .8, monosubstituted g.ucosvi-«-cyc.odextrin (Glucosyl-aCD) monosubstituted g.ucos^ 
50 Hyctodexiin (Glucosyl-BCD), monosubstituted maltosyl-a-cyclodextrin (Maltosyl-aCD), or ^os^smted 
^ZTwLexZ (Maltosyl-BCD), with and without 0.25% (w/v) polymer, i.e. sodium carboxymethylcel- 
yoleTcMcT polyvinyly rolidone (PVP) or hydroxypropyl methylcellulose (HMC), were determined as m Ex- 
alt 1 1 The resuUs inTable 14 showthat the polymers increased the solubi.izing effect of the CD denvabves 
by 8 to 100% (Scp/Seo = 1.08 to 2.00) when 0.25% polymer was present in the solution. 
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Example 17 



The effect of polyvinylpyrrolidone (PVP) on the enthalpy (AH) and the entropy ( AS )°;* he / te ^; S 1 t f J* 



ample 4). 
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An excess amount of the drug was added to water containing 0, 0.1 . 0.25 or 0.5% (w v) PVP and vanous 
„ ^ HPBCD or HPoCD The suspensions which formed were heated in sealed containers to 120 C and 
T^^SSm^^ After equilibration for at least seven days at 6, 20, 30, 40 and 50°C 
diTJ 1 o ?tSSS3w were removed from the containers and each aliquot was filtered through a 0.45 
ahquots of the suspensions we calculated at each temperature and AH and AS were cal- 

;!TZ<^ ™ «i*n. L- » Febig.r. Ph.ad*»iU, 1983, Chap.e, 13. pp. 



314-348. 

The results are shown in Tables 15-18 below. 



XablsJS 



15 The effect of PVP on AH and AS for the stability constant (KJ of 

acetazolamide-HP0CD MS 0.6 complex. 



PVP concentration 
(% w/v) 


AH (kj mol* 1 ) 


AS (J mo^K" 1 ) 


0.00 


-18.4 


-26.0 


0.10 


-25.8 


-49.6 


0.25 


-24.8 


-46.2 


0.50 


-25.8 


-49.8 



30 

Table 16 



The effect of PVP on AH and AS for the stability constant (K^ 
hydrocortisone-HPoCD MS 0.6 complex. 





PVP concentration 

(% w/v) 


AH (kj mol" 1 ) 


AS a mol^K" 1 ) 


0.00 


-32.1 


-70.2 


0.10 


-39.3 


-94.5 


0.25 


-48.4 


-124.2 


0.50 _ 


-35.7 


-81.9 
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T a b le 17 



The effect of PVP on AH and AS for the stability constant (K^ of the 
hydrocortisone-HP/3CD MS 0.6 complex. 



PVP concentration 
(% w/v) 


AH (kj mol* 1 ) 


AS a mo^K 1 ) 1 


0.00 


-20.4 


-6.2 1 


0.10 


-41.0 


-68.6 I 


0.25 


-36.5 


-56.4 


0.50 


-38.8 


-64.9 



Table 18 



The effect of PVP on AH and AS for the stability constant (K^ of the 
170-estradiol-HP/3CD MS 0.6 complex. 



9 PVP concentration 
(% w/v) 


AH (kj mol" 1 * 


AS (J mol^K* 1 ) 


r o.oo 


-71.1 


-151 


0.10 


-75.3 


-166 


0.25 


-89.5 


-213 


0.50 


-81.2 


-185 



,t has been shown that AH and AS generally become more negate as the stably 
J le atLn ncreases (A. Martin, J. Swarbrick and A. Cammarata: Physics, Pharmacy: 
^Principles in the Pharmaceutical Sciences, Third Edition, Lea & Febiger. Ph,ladelph,a. 1983 Chapter 13 
dd sTia) As the binding between the drug and the cyclodextrin becomes stronger, AH would be expected 
o'ha e a^ge^ negative vale. Apparently, PVP increases the structural restraint £ ttawnpta. I the aq* 
ecus solution leading to a larger negate AS value. These thermodynamic changes md.cate that the water 
soluble PVP polymer participates directly in the complex formation. „« Mn 

l^ZeZe^l has been described in terms of various preferred embodiments, t he skilled artsan w.H 
aOD reciate tha"various modffications, substitutions, omissions and changes may be made w,thout depa bng 
Z Z TwZSJLn**. « is tended that the scope of the present invention be hm-ted so.e.y by 
the scope of the following claims, including equivalents thereof. 
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Claims 
1. 



a method for enhancing the complexation of cyclodextrin with a lipophilic and/or water-labile drug. sa.d 
iThodcomp^ 

?J?i^Z^(«-9ht^oL.) of a pharmaceutical acceptable, pharmacologically inactive, water- 
soluble po^meHn an aqueous medium, the polymer and cyclodextrin being dissolved in the aqueou me- 
rih m befo eThe drug is added, the aqueous medium which comprises the polymer and cyclodextnn be ng 

and/or after the drug is added, optionally followed by removal of water. 

A method for enhancing the complexation of cyclodextrin with a lipophilic ^' or ^ b ^^ o 
«X7 food additive or agrochemical, said method comprising combining from about 0.1 to about 70 /o 

me accep able for use in cosmetics, foods or agricultural composes, in an aqueous me d.um the poly- 
™ S cvclodextrin being dissolved in the aqueous medium before the cosmetic additive, food additive 
ril^SC-S the aqueous medium which comprises the polymer and cydodextrin being 

IS^l^^ food additive or agrochemica, is added. optional* followed by remova, 
of water. 

A method for solubi.izing and/or stabilizing a lipophilic and/or water-labi.e drug in « J" 
saW method comprising complexing said drug in an aqueous medium compns.ng rom a bou .0.1 to about 
70%7weioht/volume) of cydodextrin and from about 0.001 to about 5% (weight/volume) of a phw* 
Zt £ pharmacotogically inactive, water-soluble polymer, the <*""2^ 
dTssolvedTn the aqueous medium before the drug is added, the aqueous med,um which > comprise . th* 
poiymer and cydodextrin being maintained at from about 30 to about 1 50»C for a period of from about 0.1 
to about 100 hours before, during and/or after the drug is added. 

A method for so.ubi.izing and/or stabilizing a lipophilic and/or water-.abile cosme ^^^ 
or aq ochemical in an aqueous medium, said method comprising complex.ng sa.d cosmetic addrhve . food 
IS o Agrochemical in an aqueous medium comprising from about 0.1 to abot ,70% 
of cydodextrin and from about 0.001 to about 5% (weight/volume) of a water-soluble ««£H" 
fo/uT'n cosmetics, foods or agricultural compositions, the polymer and cydodextrin being dissolved in 
he aqueTs mS7m before the' cosmetic additive, food additive or agrochemical is added, the aqueous 
medlm w ch comprises the polymer and cydodextrin being maintained at from about 80 to ^about 150 C 
tor a period of from about 0.1 to about 100 hours before, during and/or after the drug . added. 

Aco-complex of a lipophilic and/or water-labile drug, cosmetic additive, food additive or agrochemical I wit h 
acycSwnanda 

raSy St of cyclodextrin to polymer being from about 4:1 to about 50,000:1 . preferably from about 
100:1 to about 10,000:1. 

loueous medium comprising from about 0.1 to about 70% (weight/volume) of cydodextrm and from 
aSooitoaboutSMwerght/volumeJofapharmaceutically acceptable,pharmacol(^.caHymact^ 
wate soluble polymer, the polymer and cyclodextrin being dissolved in the aqueous medium before 
Z ua adSd the aqueous medium which comprises the polymer and cydodextnn be,ng ma.n- 
IZat^a^t 30 to about 150'Cfor a period of from about 0.1 to about 100 hours before, dunng 
and/or after the drug is added, optionally followed by removal of water; and 
(b) a non-toxic, pharmaceutical* acceptable carrier therefor. 



7. 



A food or cosmetic composition comprising: «»i.ii I »-„ < iw u ,atM 
(a) a complex of a food addrtive or cosmetic additive prepared by complexmg a l.poph. I c an d/or water- 
Sit Osmetic additive orfood additive with cydodextrin in an aqueous medium compns.ngfrom abou 
J to a^To%Te^uma) of cyclodextrin and from about 0.001 to about 5% (wa^duma) 
oialter-soluble polyLracceptablefor use in cosmetics orfoods. the p 

Isolved in the aqueous medium before the cosmetic additive orfood additive is added, the aqueous 
Sum which comprises the polymer and cyclodextrin being maintained at from about 30 to about 
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15 0°Cforaperiodoffromabout0.1toabout100 hours before, during and/or after the cosmetic additive 
or food additive is added, optionally followed by removal of water; and 
(b) a non-toxic carrier acceptable for use In cosmetics or foods. 

cvcSwn in an aqueous medium comprising from about 0.1 to about 70% (weight/volume) of cydo- 

? e SZ about 0.001 to 5% (weight/volume) of an agriculturally accept > ble 

mer the polymer and cyclodextrin being dissolved in the aqueous medium before the 

Tdded the aqueous medium which comprises the polymer and cyclodextrm bemg "T*^**™ 

about 30 to about 150-C for a period of from about 0.1 to about 100 hours before, dunng and/or after 

the agrochemical is added, optionally followed by removal of water, and 

(b) a non-toxic, agriculturally acceptable carrier therefor. 

9 " " r a ^lZ^P0Phi.ic and/or water-labile drug, cosmetic addit.e. food additive or^Jjjr, 
2. w th a cyclodextrin^ a pharmaceutically acceptable, ^^^^ Q ^ " Ifer- 
polymer, the ratio by weight of cyclodextrin to polymer being from about 4:1 to about 50,000.1 . prefer 
ably from about 100:1 to 10,000:1; and 
(b) a non-toxic, pharmaceutically acceptable carrier therefor. 

10 Acomplexing agentforuse in solubilizing and/or stabilizing a lipophilic and/or water-labile drug, cosmetic 
adXe food additive or agrochemical, said complexing agent comprising a cyclodextrm an I . £-m» 
1 ^acceptable pharmacologically inactive, water-soluble polymer, the rat.o by we.ght of cyclodex- 

ZZ ^ agent being formed by heating the cyclodextrin and polymer in an aqueous med,um at from about 
30 to about 150°C for a period of from about 0.1 to about 100 hours. 

a m »thod accordina to any one of Claims 1 to 4 or a composition according to any one of Claims 6 to 9, 
111 wh^he"^ 5 Xsolubie polymer is from about 0.01 to about 0.5% (weight/volume). 

12 A method co-complex, composition or complexing agent according to any one of the preceding , claims, 
whe Se cydodextrln comprises at least one member selected from the group «^£ST^ 
prop7hydroxyethyl, dihydroxypropy., glucosyl and maltosyl der vafves 

Sly when the cyclodextrin has a molar degree of substitution of from about 0.05 to about 1 0. 

13 A method, co-complex, composition or complexing agent according to any on« ^ J^ST^ 
wherein the water-soluble polymer is a cellulose derivative, a natural polysacchande or polypept.de. or 
synthetic polymer which is a polyvinyl polymer or a copolymer of acryhc acid. 

14 Amethodco-complex.compositionorcomplex^ 

^ive is mrthylcellubse. hydroxyethyl cellulose, hydroxypropyl cellulose hydroxypropyl ^thylce«u- 
orhvdrrvethyl methylcelMose, hydroxypropyl ethylcellulose, hydroxyethyl ethyl cellulose or sod urn 
^SSSSSS the polysaccharide is inulin, pectin, sodium, alginate or agar; where n 

^XSSS^^f^ wherein the polyvinyl polymer is polyvinyl alcohol. polyv,ny.pyrrol, 
done or polystyrene sulfonate; or wherein the copolymer of acrylic acid is carbomer. 

STSZ^^SSS. antibacterial, antibiotic, anti-infective, antiviral, anthelmintic. MM 
vtemtn emluc antiemetic, diuretic, non-steroidal analgesic or anti-inflammatory agent, 
bSS^wCm antihistaminic, serotonin antagonist, H2-antagonist, narcotic 
cottagS! mixed'narcotic agonist-antagonist, pharmacologically active P rote,n. dopam.nerg.c/ant,- 
Parkinsonism agent or agent for treating Alzheimer's disease. 
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17 Amethod,co-co m plexorc 0 mpo S iti 0 naccordingtoClaim16.whereinthesteroidisanandrogen,estrogen, 
progestin, diuretic, anabolic agent, anesthetic or glucocorticoid. 

ft^azole mSronidazole benzoate. flubendazole, co-trimoxazole. miconazole ;| Mrmu ^^^^ 

metazepam, nitrazepam, quazepam, temazepam or triazolam. 

norgestrei. eth'isterone, ™*°™^«™°™»» a ™^ 
one! Tmeth^ltestosterone, triamcinolone, triamcinolone acetonide, testosterone, sp>rono.actone or al- 



faxalone. 



hXSinelrm of a dihydrlpyridine * pyridinium salt redox system for brain-targeted drug delivery. 

preferably wherein the dihydropyridine form is a ^jWj <nd of the f0rmU ' a 

wherein [D] is a centrally acting drug species and^DHC] is the reduced, biooxidizable, 

nodrel. mestranol, indomethacin, naproxen, FENU, HENU or5-FU. 

cLodexWn ^ or hydroxypropyl-y-cyclodextrin, the polymer is I^KW?; 

p^h^^^^ - poiyvinylpyrrolidone and the drug . a carbon, 

anhydrase inhibitor or a steroid. 

^rAinn tn ri*im 6 9 or 11 wherein all ingredients are ophthalmically acceptable, and 

cyclodextrin or hydroxypropyl-r-cyclodextnn. 
y-cyclodextrin. 
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